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Public transport in the COVID-19 pandemic

m Public transport and COVID-19 transmission
[Tirachini and Cats, 2020] [Gutiérrez et al., 2020]
m Changes in mobility patterns [Batty et al., 2020]
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— Need for open and reproducible transport models to study public
transport congestion and associated policies
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Urban transportation models

MATSim model: heterogenous data and integration of many sub-models
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(a) scenario creation: transport network / locations, capacities and opentimes for activities / synthetic population
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(b) initial individual demand modeling: complete daily demand for each individual of the scenario
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(c) demand optimization: systemnatic relaxation process to optimize user specified parts of the daily demand, i.e.
route, departure time and activity duration choice

Relaxed Demand

Network.xml Post-Process Analysis

Facilities.xml

(d) statistical analysis: dynamic traffic volumes / work place occupation density / spider analysis / winner-looser
statistics / dynamic traffic visualization / counts comparison / etc.

Source: [Balmer et al., 2009]
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sport models

Land-use transport models as a progressive complexification through
coupling of detailed sub-models
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Source: [Wegener and First, 2004]
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Relevance of large scale models &

Large scale urban models are intrinsically flawed and do not reach their
goals of long-term application to planning: Requiem for large scale
models in 1973 [Lee Jr, 1973]

Urban analytics and Smart Cities approaches may follow the same path
if they ignore the past and the complexity of cities [Batty, 2014]

To foster relevance of large urban models:

m Transparency on data and implementation, reproducibility

m Validation of models and sub-models: from small simple models
well validated to larger integrated models

— Open, reproducible urban models can be shared, coupled into
modular integrated models, tested and validated [Banos, 2013]
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Towards modular models using workflow systems,

Scientific workflow systems
[Yu and Buyya, 2005] [Barker and Van Hemert, 2007]

— Execution of numerical experiments and data processing in a
systematic, reproducible and domain-specific way

— Often coupled to High Performance Computing infrastructures
— Flexibility with scripting languages and easier collaboration

Proposed approach
Build modular urban transportation models from the bottom-up using
workflow systems, open source sub-models and open data

— Sub-models coupled into the workflow, can be easily replaced
— Reproducibility and transparency

— Easier transferability of model application

— Application of model validation methods
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Case study: integrated models N

Case study: Construct a modular four-step multimodal transportation
model using open source projects and data

Integrated models:

m MATSim model (MATSim Community) for the transportation system
https://www.matsim.org/ [Horni et al., 2016]

m SPENSER model (University of Leeds) for the synthetic population
https://github.com/nismod/microsimulation

m QUANT model (CASA, University College London) for spatial
interactions to generate home-work plans
http://quant.casa.ucl.ac.uk/ [Milton and Roumpani, 2019]

m spatialdata library (OpenMOLE community) for data processing
https://github.com/openmole/spatialdata
[Raimbault et al., 2020]
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Case study: data and implementation 2

Data:

Generic for any Functional Urban Area (GHSL [Florczyk et al., 2019]) or
any arbitrary area in the UK: NOMIS census, OrdnanceSurvey roads,
Traveline National Dataset for public transport

Workflow systems:

m DAFNI facility funded by UKCRIC https://dafni.ac.uk
m OpenMOLE software https://openmole.org/
[Reuillon et al., 2013]

Implementation
Currently integrated into the DAFNI platform:

m synthetic SPENSER population with uniform job locations

m QUANT model to generate home-work commuting flows

m network and plans prepared into MATSim xml files and fed into a
one-mode MATSIm (multimodal version still tested locally)

m models integrated as Docker containers
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Data preparation A

— Road network preprocessing: implemented into the spatialdata
scala library [Raimbault et al., 2020]
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— Public transport data: from TransXchange (TNDS) to GTFS using

UK2GTFS R package [Morgan, 2021]; GTFS to MATSim xml schedule
using pt2matsim library
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DAFNI facility 2

Platform developed for infrastructure research, providing dataset
sharing, model upload, High-performance computing, workflow system.
https://dafni.ac.uk
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DAFNI workflow for coupled model

Home / Workflows / Workflow Status

Workflow Status o I

Click and drag on the white area around the Workflow to pan the canvas.

@- g g M“-.
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Monte Carlo experiments

iteration
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iteration-steps m—b population matsim °
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Visualization within DAFNI
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Simulation results: travel distances "
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Daily travel patterns &
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Role of stochasticity &

FUA: Taunton
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Validation: towards spatial sensitivity analysis

Traditional modelling workflow
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Raimbault, J., Cottineau, C., Le Texier, M., Le Nechet, F., Reuillon, R. (2019). Space Matters: Extending Sensitivity Analysis to Initial
Spatial Conditions in Geosimulation Models. Journal of Artificial Societies and Social Simulation, 22(4).
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structures of structure

Raimbault, J., Perret, J., & Reuillon, R. (2020). A scala library for spatial sensitivity analysis. GISRUK 2020 Proceedings, 32.
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Raimbault, J. (2019). Second-order control of complex ~ Raimbault, J., Perret, J. (2019). Generating urban

systems with correlated synthetic data. Complex morphologies at large scales. In Artificial Life Conference
Adaptive Systems Modeling, 7(1), 1-19. Proceedings (pp. 179-186).
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OpenMOLE workflow engine "

OpenMOLE model exploration open source software
[Reuillon et al., 2013]

) OpenMOLE

Enables seamlessly (i) model embedding; (ii) access to HPC resources;
(iii) exploration and optimization algorithms

https://openmole.org/
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Coupling SPENSER and QUANT with OpenMOLE

AAA
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Towards advanced validation experiments &

OpenMOLE integrates methods for: sensitivity analysis, spatial
sensitivity analysis, design of experiments, calibration, diversity search,
inverse problems, model reduction.

Workflows / Workflow Status.

Home s
Workflow Status

o \\\\

Visualization in R

Integration of OpenMOLE into DAFNI
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Discussion "

Developments

— Integration of multi-modal MATSim, calibration of mode choice
parameters

— Visualisation of MATSim agents dynamics (MATSim visu features not
open)

— Dynamical strong coupling of QUANT and SPENSER to combine
population projections with the transport model

Applications

— Validation of sub-models and integrated models using advanced
model validation methods

— Use MATSim outputs to quantify effective densities in public
transport: potential exposure indicators in the COVID-19 context

— Impact of policies and interventions on transport system dynamics
and potential contaminations
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Health indicators for public transport

m No clear link between urban density and COVID-19 transmission
[Hamidi et al., 2020], but concern about public transport
[Tirachini and Cats, 2020]

m MATSim-based full epidemiological model [Miiller et al., 2020]:
difficulty to validate and systematically explored
— Public transport density as proxy for potential transmission
— To be computed downstream MATSim run using event xml files

— Possible systematic exploration on all urban areas of home-work poli-
cies and modifications of agent schedules using genetic algorithms from
OpenMOLE
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Conclusion .

— Open, reproducible and validated urban models as elementary bricks
towards larger integrated models

— Open resource for teaching transport models

Open repositories

https://github.com/JusteRaimbault/UrbanDynamics/Models/Matsim for
containers and workflows

https://github.com/openmole/spatialdata for data processing

Workflow engines

DAFNI: https://dafni.ac.uk/
OpenMOLE: https://openmole.org
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